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BRIEF  ASSESSMENT 


•  • 


Based  on  the  visual  inspection,  available  records  and  past  performance, 
the  Minnewawa  Dam  is  considered  to  be  in  fair  condition.  The  dam  is 
believed  to  be  safe  under  normal  operating  conditions.  Its  serviceability 
under  the  test  flood  load  and  ice  forces  is  unknown.  These  peak  loading 
conditions  should  be  more  fully  investigated. 

Based  on  size  and  hazard  classifications  in  accordance  with  Corps 
guidelines,  the  test  flood  is  the  Probably  Maximum  Flood.  A  PMF  outflow 
of  19,000  cfs  (826  csm)  would  overtop  the  dam  by  7.2  feet.  The  spillway 
will  pass  1710  cfs,  or  about  9  percent  of  the  PMF  outflow.  A  cursory 
analysis  was  made  to  assess  the  downstream  impact  of  a  sudden  failure. 

With  the  reservoir  at  top  of  dam,  it  is  estimated  that  a  17-foot  surge 
would  result  just  downstream  of  the  structure  over  the  water  level  that 
existed  just  before  failure.  Due  to  the  extreme  steepness  of  the  channel 
slope  and  banks  between  the  dam  and  the  first  grouping  of  homes,  0.7  mile 
downstream,  little  attenuation  of  the  flood  wave  could  be  expected  and  a 
high  hazard  to  loss  of  life  would  result. 

Due  to  the  potential  for  overtopping  and  the  lack  of  formal  stability 
analyses,  it  is  recommended  in  Section  7  of  this  report  that  the  owner  engage 
the  services  of  a  qualified  consultant  to  evaluate  the  stability  of  the  con¬ 
crete  arch.  Further,  a  more  detailed  investigation  should  be  made  of  the 
hydraulic  and  hydrologic  aspects  of  the  dam. 

In  addition  to  the  long  term  recommendations,  there  are  several 
remedial  measures  which  should  be  implemented  immediately. 

1.  Periodic  Inspections  of  Minnewawa  Dam  by  the  owner  should  be  established. 

2.  A  formal  warning  program  should  be  developed  and  implemented,  along  with 
a  plan  for  monitoring  the  structure  during  periods  of  unusually  high  flow. 

3.  There  Is  a  considerable  amount  of  brush  in  the  spillway  approach 
channel,  which  should  be  controlled. 


•  • 


•  • 


•  • 


•  • 


v.  - . 


I 


4.  Bbth  the  sluice  gate  and  penstock  gates  are  inoperative.  The 
penstock  trash  rack  is  clogged  with  debris.  The  sluice  appears  susceptible 
to  blockages.  Both  should  be  inspected  and  cleaned  periodically. 


This  Phase  I  Inspection  Report  on  Minnewawa  Dam 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection 
of  Dams,  and  with  good  engineering  judgment  and  practice,  and  is 
hereby  submitted  for  approval. 


00E  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 

Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation 
is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  condition  of  the  dam  is 
based  upon  available  data  and  visual  inspections.  Detailed  investigation, 
and  analyses  involving  topographic  mapping,  subsurface  investigations,  test¬ 
ing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a  Phase 
I  investigation;  however,  the  investigation  is  intended  to  identify  any  need 
for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  t j  the  inspection  team.  In  cases 
where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such  action, 
while  improving  the  stability  ard  safety  of  the  dam,  removes  the  normal  load 
on  the  structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operating  environment  of  the 
structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous 
and  constantly  changing  internal  and  external  conditions,  and  is  evolutionary 
in  nature.  It  would  be  ncorrect  to  assume  that  the  present  condition  of 
the  dam  will  continue  to  represent  the  condition  of  the  dam  at  some  point 
in  the  future.  Only  through  continued  care  and  inspection  can  there  by  any 
chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum  Flood" 
for  the  region  (greatest  reasonably  possible  storm  runoff),  or  fractions 
thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm  event,  a 
finding  that  a  spillway  will  not  pass  the  test  flood  should  not  be  inter¬ 
preted  as  necessarily  posing  a  highly  inadequate  condition.  The  test  flood 
provides  a  measure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition  and  the  downstream 
damage  potential. 
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APPENDIX  A 


(3)  There  is  a  considerable  amount  of  brush  in  the  spiliway 
approach  channel,  which  should  be  controlled. 

(A)  Both  the  sluice  gate  and  penstock  gates  are  inoperative.  The 
penstock  trash  rack  is  clogged  with  debris.  The  sluice  appears  susceptible 
to  blockages.  Both  should  be  inspected  and  cleaned  periodically. 


SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS 
AND  REMEDIAL  MEASURES 

7 . 1  Dam  Assessment . 

a.  Condition .  Based  on  the  visual  inspection,  available  records 
and  past  performance,  the  Minnewawa  Dam  is  considered  to  be  in  fair 
condition. 

b.  Adequacy  of  Information.  Information  gathered  during  the  search 
of  the  project  files  is  considered  to  be  adequate  to  make  a  valid  assess¬ 
ment  of  the  pertinent  features  of  Minnewawa  Dam. 

c.  Urgency.  Recommendations  and  remedial  measures  made  by  this  report 
should  be  accomplished  within  12  months  after  the  receipt  of  this  Phase  I 
report  by  the  owner. 

d.  Need  for  Additional  Investigation.  As  previously  stated,  Minnewawa 
Dam  is  considered  to  be  in  fair  condition,  but  further  study  by  a  qualified 
consultant  is  recommended  to  cover  the  subjects  listed  in  Para.  7.2  below, 

7 . 2  Recommendations . 

a.  Since  the  spillway  can  pass  about  9  percent  of  the  test  flood 
without  overtopping  the  dam,  a  qualified  consultant  should  be  engaged  to 
assess  hydrological  conditions  and  develop  plans  for  any  modification  necessary 
to  avoid  overtopping. 

Analyses  of  the  structural  stability  of  the  concrete  arch  should  be 
included  in  the  consultants  scope  of  work.  The  response  of  the  arch  to  ice 
loads  and  effects  of  temperature  changes  should  be  investigated  by  the 
consultant . 

7 . 3  Remedial  Measures. 

a.  Alternat ives .  Not  applicable  -  Alternative  solutions  to  improve 
inadequate  spillway  capacity  are  beyond  the  scope  of  this  report. 

b.  Operating  and  Maintenance  Procedures.  Operating  procedures  employed 
at  Minnewawa  Dam  are  inadequate.  Therefore,  the  following  O&M  procedures 
are  recommended. 

(1)  A  biennial  periodic  technical  inspection  proeram  for 
Minnewawa  Dam  should  be  established. 

(2)  A  formal  warning  program  should  be  developed  and  implemented, 
along  with  a  plan  for  monitoring  the  structure  during  periods  of  unusually 
high  flow. 


c.  Operating  Records.  There  are  no  records  which  indicate  a 
stability  problem  since  the  dam  was  built  in  1923.  There  have  been 
several  major  events  during  the  life  of  the  structure.  Therefore,  the 
dam's  performance  with  respect  to  stability  has  been  adequate  to  date. 

d.  Post  Construction  Changes.  There  is  no  data  indicating  any 
modifications  have  been  made  to  the  dam  since  construction  was  completed. 
The  inspection  revealed  the  spillway  and  portions  of  the  main  arch  have 
been  treated  with  gunite. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  No.  2 
and  in  accordance  with  recommended  Phase  I  guidelines  does  not  warrant 
seismic  analysis. 


SECTION  6  -  STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability. 

» 

a.  Visual  Observations.  No  evidence  was  observed  indicating  structural 
instability  of  the  concrete  arch  or  spillway  at  this  time.  However,  several 
conditions  which  could  affect  the  overall  stability  of  the  dam  were  noted. 

(1)  There  is  a  signifioant  amount  of  efflorescence  on  the  down¬ 
stream  face  of  the  dam.  These  deposits  are  caused  by  leakage  through  the 
dam. 


(2)  The  extent  of  major  cracks  and  spalled  areas  of  concrete 
should  be  more  fully  investigated.  This  information  will  yield  a  better 
check  on  the  present  stability  of  the  concrete  arch. 

(3)  Reinforcing  steel  was  exposed  on  the  upstream  face  of  the 
dam.  The  size  and  grade  of  steel  is  unknown.  The  steel  is  continuous  thru 
the  horizontal  construction  joints  and  the  vertical  construction  joints. 

Spacing  of  reinforcing  is  estimated  to  be  12"  on  center  in  both  directions. 

These  conditions  could  have  an  effect  upon  structural  stability 
in  the  future  and  should  be  further  investigated  by  a  qualified  consultant. 

b.  Design  and  Construction  Data.  Pertinent  design  and  construction 
data  for  Minnewawa  Dam  is  described  in  Section  1.2.g.  -  Design  and  Construc- 
tion  and  SECTION  2  -  ENGINEERING  DATA. 

The  original  stability  stress  analysis  for  the  concrete  arch  is 
available.  The  maximum  compressive  stresses  in  the  dam  are  relatively  small 
compared  to  tie  estimated  ultimate  compressive  strength  of  the  concrete  mix 
used  during  construction.  The  analysis  of  the  arch  is  consistent  with  accepted 
engineering  practices.  No  stability  or  stress  analysis  was  performed  for 
ice  loads  or  the  effects  of  temperature  changes.  In  addition  to  the  computed 
behavior,  the  past  performance  of  the  dam  must  be  considered.  There  has  been 
no  major  failure  of  the  structure  during  its  55-year  existence.  The  evaluation 
of  present  stability  must  include  an  accurate  determination  of  the  dams  exist¬ 
ing  condition.  There  are  areas  of  significant  cracking  and  spalled  concrete 
with  exposed  reinforcing  steel  which  cause  a  decrease  in  the  effective  sec¬ 
tions  of  the  arch.  This  reduction  causes  a  subsequent  increase  in  stresses 
within  the  arch. 

Based  on  the  visual  inspection,  available  records  and  past  performance 
Minnewawa  Dam  is  believed  to  be  structurally  stable  during  normal  operating 
conditions.  Stability  during  the  projected  test  flood  and  ice  forces  cannot 
be  determined  by  visual  observations.  Therefore,  these  peak  loading  conditions 
should  be  more  fully  investigated. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features.  / 

a.  Design  Data.  A  search  of  Public  Service  Company  of  New  Hampshire 
and  New  Hampshire  Water  Resources  Board  files  revealed  no  detailed  hydraulic 
or  hydrologic  design  data. 

b.  Experience  Data.  There  is  no  experience  data  available.  It  was 
stated  in  section  1.3  that  the  maximum  flood  of  record  for  the  site  is 
estimated  to  be  in  excess  of  150  csm.  No  damages  to  the  structure  occurred 
during  this  event. 

c.  Visual  Observations.  The  shore  of  the  lake  is  totally  undeveloped. 
Inundation  of  this  area  would  occur  during  the  test  flood.  However,  no  damage 
to  life  or  property  could  occur  in  the  reservoir  area. 

There  is  no  streambank  development  for  a  distance  of  about  0.7  mile 
downstream.  Beginning  at  this  point,  however,  there  are  several  homes  con¬ 
structed  on  or  near  the  streambank.  These  would  be  lost  or  heavily  damaged 
in  the  event  of  any  type  of  dam  failure.  About  1.6  miles  downstream  of  the 
dam,  Minnewawa  Brook  meets  N.H.  Route  101  and  the  village  of  Marlborough. 

Due  to  the  steepness  of  the  channel  and  banks  between  the  dam  and  this  area, 
a  breach  could  produce  considerable  disruption  of  travel  and  probable  loss 
of  life. 


d.  Overtopping  Potential.  Based  on  U.S.  Geological  Survey  Water  Supply 
Paper  1887,  "Maximum  Floocflows  in  the  Conterminous  United  States",  the  Probable 
Maximum  Flood  (PMF)  for  Minnewawa  Brook  is  estimated  to  be  31,000  cfs  (1,348 
csm).  However,  1.8  square  miles,  or  8  percent  of  the  upstream  drainage  area 
is  occupied  by  lakes  and  ponds  which  would  tend  to  reduce  peak  flows. 

The  Corps  of  Engineers'  MacDowell  Dam  is  located  on  Nubanusit  Brook, 

12  miles  east  of  Minnewawa  Dam.  The  watersheds  are  adjacent,  and  contain 
similar  amounts  of  storage.  The  Probable  Maximum  Flood  used  in  designing 
MacDowell  Dam  was  36,300  cfs  (825  csm).  Based  on  the  similar  watershed 
characteristics,  19,000  cfs,  or  826  csm  was  selected  as  the  PMF  for  Minnewawa 
Brook. 


Based  on  the  size  classification  (INTERMEDIATE)  and  the  hazard  poten¬ 
tial  (HIGH),  the  full  PMF  was  selected  as  the  test  flood.  A  discharge  of 
19,000  cfs  would  result  in  a  peak  pool  elevation  of  1,080.2  feet  msl,  or 
7.2  feet  over  the  top  of  dam.  With  both  gates  open,  this  value  would  be 
lowered  about  0.2  feet. 


•  • 


•  •  • 


•  ••••••• 


SECTION  4  -  OPERATIONAL  PROCEDURES 


•  • 


4.1  Procedures.  As  previously  discussed  both  outlets  are  left  open 

at  all  times,  and  the  project  is  not  operated  for  flood  control  purposes. 
During  the  summer,  the  reservoir  jis  essentially  empty. 

4.2  Maintenance  of  Dam.  There  :.s  no  formal  annual  maintenance  program  for 
Minnewawa.  Necessary  minor  repairs  to  the  dam  have  not  been  made.  Funds 
for  major  repairs  must  be  appropriated  by  the  Public  Service  Co.  of  New  Hamp¬ 
shire  . 


•  • 


4 . 3  Maintenance  of  Operating  Facilities. 
Dam. 


Not  applicable  for  Minnewawa 


•  • 


4.4  Description  of  any  Warning  System  in  effect.  There  is  no  warning  sys¬ 
tem  during  flood  periods. 

4.3  Evaluation.  Periodic  inspections  of  Minnewawa  Dam  by  engineers  from  0  ^ 

the  Public  Service  Co.  of  New  Hampshire  must  be  established.  Minor  deficiencies 
can  be  eliminated  by  annually  maintaining  the  structure.  Major  repairs  are 
the  responsibility  of  Public  Service. 

A  formal  warning  program  should  be  developed  and  implemented,  along 
with  a  plan  for  monitoring  the  structure  during  periods  of  unusually  high  p  q 

flow,  ** 


»  • 


•  t 


I  • 


•  • 


SECTION  3  -  VISUAL  INSPECTION 


3.1  Findings . 

a.  General .  The  Phase  I  inspection  of  the  dam  and  Minnewawa  Brook 
was  performed  on  13  January  1978.  The  area  adjacent  to  the  dam  was  covered 
with  18  inches  of  snow.  The  pool  was  below  the  spillway  crest.  The  concrete 
spillway  and  arch  were  reinspected  7  June  1978.  The  pool  was  completely 
drawn  down.  This  allowed  access  to  the  downstream  and  upstream  faces  of 

the  dam  under  dry  conditions.  A  copy  of  the  visual  inspection  report  is 
included  in  Appendix  A.  Photographs  contained  in  Appendix  C  have  been 
keyed  to  the  inspection  check  list. 

b.  Dam.  The  dam  is  considered  to  be  in  fair  condition.  There  was 
no  evidence  of  vertical  or  horizontal  misalignment  detected  in  the  dam. 
However,  the  dam  does  require  maintenance  and  several  concrete  repairs. 

(1)  The  concrete  arch  has  a  significant  amount  of  efflorescence 
on  the  downstream  face.  Many  cracks,  which  appear  to  be  shrinkage  cracks, 
were  noted.  No  leakage  was  observed  during  the  inspection.  It  should  be 
noted  the  pool  was  low  during  the  winter  inspection  and  there  was  no  water 
impounded  during  the  June  inspection. 

(2)  There  were  spalled  areas  of  concrete  on  both  the  upstream 
and  downstream  faces  of  the  arch.  Reinforcing  steel  was  exposed  on  the 
upstream  face. 

c .  Appurtenant  Structures.  Not  applicable  to  Minnewawa  Dam. 

d.  Reservoir  Area.  The  shore  of  the  lake  is  totally  undeveloped. 
Inundation  of  this  area  would  occur  during  the  test  flood.  However,  no 
damage  to  life  or  property  could  occur  in  the  reservoir  area. 

e.  Downstream  Channel.  There  is  no  streambank  development  for  a 
distance  of  about  0.7  mile  downstream.  Beginning  at  this  point,  however, 
there  are  several  homes  constructed  on  or  near  the  streambank.  These  would 
be  lost  or  heavily  damaged  in  the  event  of  any  type  of  dam  failure.  About 
1.6  miles  downstream  of  the  dam,  Minnewawa  Brook  meets  N.H.  Route  101  and 
the  village  of  Marlborough.  Due  to  the  steepness  of  the  channel  and  banks 
between  the  dam  and  this  area,  a  breach  could  produce  considerable  disrup¬ 
tion  of  travel  and  probable  loss  of  life. 

3.2  Evaluation .  As  stated  previously,  the  condition  of  Minnewawa  Dam 
is  considered  to  be  fair.  No  major  problems  associated  with  either  the 
serviceability  or  operation  of  the  dam  were  discovered.  There  are;  however, 
several  areas  which  will  require  periodic  maintenance  and  concrete  repairs 
to  ensure  continued  serviceability. 


SECTION  2-  ENGINEERING  DATA 


2.1  Design ■  There  was  design  data  available  for  Minnewawa.  Letters 
pertaining  to  the  original  design  and  specifications  were  obtained.  The 
available  design  data  included  some  stability  computations. 

2.2  Construction .  Construction  records  for  the  original  project  were 
obtained.  These  records  give  a  general  overall  picture  of  the  structure 
and  its  pertinent  features.  Sketches  showing  the  elevation  and  section 
of  the  dam  and  pertinent  design  and  construction  records  are  included 

in  Appendix  B. 

2.3  Operation .  Information  pertaining  to  the  operation  and  operational 
procedures  was  not  available. 

2.4  Evaluation.  There  is  a  limited  amount  of  engineering  data  available 
for  this  project.  The  general  features  of  the  existing  structures,  sections 
and  elevations  are  detailed.  A  limited  amount  of  engineering  design  criteria 
was  gained  from  this  information. 

Data  for  the  report  was  made  available  by  the  combined  cooperate 
efforts  of  the  New  Hampshire  Water  Resources  Board  and  the  Public  Service 
Company  of  New  Hampshire. 


d.  Reservoir. 


Length  of  Pool  -  varies  around  0.2  mile  (+  0.]  mi.) 

e.  Storage  (acre-feet). 

Normal  Pool  -  varies  (see  capacity  curve  Appendix  D) 

Spillway  Crest  -  140  (approx.) 

Top  Dam  -  175  (approx.) 

f .  Reservoir  Surface  (acres) . 

Pool  surface  varies  with  pool  fluctuations. 

g.  Dam. 

Type 

Length 

Height 

Top  Width 

Side  Slopes 

Concrete  Arch 

(a)  Vertical  Upstream  Face 

(b)  The  downstream  face  is  vertical  for  the  top  10.00  feet 
and  has  a  1.5  horizontal  on  10  vertical  batter  below  this  point. 

h.  Spillway .  The  side-channel  spillway  consists  of  a  45-foot  ogee 
weir.  A  1.5-foot  pier  results  in  an  effective  spillway  length  of  43.5 
feet.  The  crest  is  at  elevation  1068.  There  are  no  spillway  gates. 

There  is  a  shallow  spillway  approach  channel,  now  overgrown  with 
brush.  Flows  from  the  spillway  pass  through  a  narrow  rock  cut,  then 
plunge  about  60  feet  to  the  main  river  channel,  just  downstream  of  the 
dam.  Photographs  of  these  features  are  included  in  Appendix  C. 

i.  Regulating  Outlets.  There  are  two  regulating  outlets:  a  4-foot 
circular  penstock  with  invert  at  about  elevation  1049,  and  a  2-foot  circular 
sluice  wLth  invert  at  about  elevation  1020.  The  penstock  formerly  extended 
6,000  feet  downstream  to  a  power  station,  but  has  since  been  removed,  and 
now  has  a  free  outfall  into  the  dam's  tailwater.  With  the  pool  at  spillway 
crest,  the  total  outlet  capacity  is  about  340  cfs  (15csm) ,  which  is  con¬ 
sidered  adequate. 

The  penstock  gate,  which  has  been  removed,  was  hand-operated  from 
atop  tiie  dam.  The  sluice  gate  is  hand-operated  from  a  platform  at  the 
toe  of  the  dam.  The  condition  of  the  gate  machinery  is  questionable  and 
believed  inoperative.  Pictures*  are  located  in  Appendix  C. 


Concrete  Arch 
Approx.  200  feet 
Varies,  60'  Max. 
4 '  -0" 


Public  Service  Co.  of  New  Hampshire 
Hampshire  Plaza 
Manchester,  N.H. 

Tel:  (Area  Code  603)  669-4000 

g.  Purpose  of  Dam.  The  initial  purpose  was  to  provide  a  pool  for 
hydroelectric  power  generation.  At  present,  the  dam  is  not  utilizer  for 
any  purpose. 

h.  Design  and  Construction  History.  Minnewawa  Dam  was  completed  in  Novem¬ 
ber,  1923.  It  was  designed  and  constructed  by  L.H.  Shattuck,  Inc.,  Engineers- 
Contractors,  208  Granite  Street,  Manchester,  New  Hampshire  for  the  Ashuelot 

Gas  and  Electric  Company,  Keene,"  New  Hampshire  (now  Public  Service  Company 
of  New  Hampshire).  Sketches  pertaining  to  the  pertinent  features  of 
Minnewawa  were  obtained  from  the  Water  Resources  Board.  Correspondence 
pertaining  to  foundation  conditions,  design  parameters  and  a  set  of  con¬ 
struction  photographs  were  also  obtained.  Essential  information  pertaining 
to  the  design  and  construction  of  the  dam  is  contained  in  Appendix  B. 

i.  Normal  Operation  Procedures.  Both  gates  in  the  structure  are  left 
open  at  all  times,  and  the  pool  elevation  fluctuates  depending  on  runoff 
conditions  in  the  watershed.  At  the  time  of  the  inspection,  the  pool  was 
at  about  elevation  1056  feet,  msl.  The  project  is  not  operated  for  flood 
control  purposes.  During  the  June  inspection,  the  pool  was  at  the  sluice 
invert  El.  1020  (+) . 

1.3  PERTINENT  DATA. 

a.  Drainage  Area  at  Damsite.  23  square  miles. 

b.  Discharge  at  Damsite.  There  are  no  discharge  records  available 
for  the  site.  The  largest  known  flood  in  this  region  occurred  in  September, 
1938.  Examination  of  U.  S.  Geological  Survey  records  for  other  streams  in 
the  area  indicate  Minnewawa  Brook  sustained  flows  in  excess  of  150  cubic 
feet  per  second  per  square  mile  (csm) . 

Flows  may  be  passed  through  the  2-foot  sluice,  through  the 
4-foot  penstock,  over  the  43.5  foot  spillway,  or  over  the  200-foot  crest 
of  the  dam.  With  the  pool  at  elevation  1073  (top  of  dam),  the  spillway  capa¬ 
city  is  1650  cfs  (72  csm).  A  rating  curve  for  the  spillway  and  top  of  dam 
is  located  in  Appendix  D. 


c .  El evat ions  (fee t,  msl) . 

Top  of  Dam  -  1073 
Spillway  Crest  -  1068 

Normal  Pool  -  fluctuates  (essentially  empty  during  the  summer) 
Penstock  Invert  -  1049  (scaled  from  photos) 

Sluice  Invert  -  1020  (scaled  from  photos) 

Streambed  at  Dam  Centerline  -  1012  (approx.) 


PHASE  I  INSPECTION  REPORT 


MINNEWAWA  DAM,  NEW  HAMPSHIRE  00104 
SECTION  1  -  PROJECT  INFORMATION 


1 . 1  GENERAL 


a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
national  program  of  dam  inspection  throughout  the  United  States.  The 
New  England  Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of  dams  within  the  New  Eng¬ 
land  Region. 

b.  Purpose. 

(1)  Perform  technical  inspection  and  evaluation  of  non-Federal 
dams  to  identify  conditions  which  threaten  the  public  safety  and  thus 
permit  correction  in  a  timely  manner  by  non-Federal  interest. 

(2)  Encourage  and  assist  the  States  to  initiate  quickly  effective 
darn  inspection  programs  for  non-Federal  dams. 

(3)  To  update,  verify  and  complete  the  National  Inventory  of  Dams. 

1 . 2  DESCRIPTION  OF  PROJECT. 

a.  Location .  The  dam  is  located  on  the  western  end  of  the 
impoundment  of  Mlnnewawa  Brook  in  the  Town  of  Marlborough,  New  Hampshire, 
approximately  1.6  miles  upstream  of  the  village  of  Marlborough. 

b.  Description  of  Dam  and  Appurtenances.  The  Minnewawa  Dam  is  a  constant 
radius  concrete  arch  dam.  The  structure  has  two  distinct  features.  The 

arch  section  is  200  feet  long  and  has  a  top  elevation  of  1073.0  (msl) .  This 
arch  is  keyed  into  ledge.  The  concrete  spillway,  which  is  approximately 
43.5  feet  long,  has  a  crest  elevation  of  1068.0  (msl).  The  spillway  is 
also  founded  on  ledge. 

c.  Size  Classification.  Minnewawa  is  an  intermediate  dam,  based 
on  height. 

d.  Hazard  Classification.  The  structure  is  classified  as  a  high 
hazard  potential.  (See  Section  3.1.e). 

e.  Ownership .  The  dam  is  owned  by  the  Public  Service  Company  of 
New  Hampshire. 


•  • 
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V  J •  ■  ‘ ; A 1 .  !  Mrri'i'TMi: 
1‘AN'i1',  OHOAK  T'-ATION 

PR O.TF. CT  Mlnnewawa  Pair, _ 

LOCATION  Marlboro,  New  Hampshire 

STREAM  Mlnnewawa  Brook _ 

Inventory  No.  N.R  #00104 _ 

PARTY: 


1. 

W.  Rodger 

6. 

2. 

0 .  A .  Laraway 

7- 

3. 

J .  McElroy 

8. 

4. 

9- 

5. 

10. 

PROJECT  FEATURE 

INSPECTKP  HY 

REMARKS 

1. 

Sluice  Outlet  (Fig.  13  &  15) 

Lara way 

Some  debris 

Penstock  Outlet  (Fig.  13  &  14) 

Laraway 

Some  debris 

8 

iRIiaillBIRBH 

Laraway 

Inadequate 

OATH  JQj.e  -9  s _ 

7' I  AT-;  :0:00 

WEATHER  Canny _ 

W.C.  I-IEV.  -  U.S.  “  DN.S. 


PROJECT 


Minnewawa  Dam 


VISUAL  INSPECTION  CHECK  LIST 


7  June  1978 
Rodger 


DATE 

PROJECT  FEATURE  Cone  .  Arch _  I.  A  ME. 

DISCIPLINE  Structure,  &■  Concrete _  NAME  .McElroy 


AREA  EVALUATED 

COMMENTS 

DAM  {Pig.  3  thru  10) 

Crest  Elevation 

1073.0  ms  1 

Current  Poo]  Elevation 

1021.0  msl 

Maximum  impoundment  to  Date 

Unknown 

Surface  Cracks 

Pavement  Condition 

Many  surface  cracks  with  effloresces 
downstream . 

N/A 

Movement  or  Settlement  of  Crest 

None  Observed. 

Lateral  Movement 

Appears  Good. 

Vertical  Alignment 

Appears  Good. 

Horizontal  Alignment 

Appears  C-ood. 

Condition  at  Abutment  and  at  Concrete 
Structures 

Good. 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

N/A 

Trespassing  on  Slopes 

N/A 

Sloughing  or  Erosion  of  Slopes  or 
Abutments 

n/a 

Rock  Slope  Protection  -  Riprap  Failures 

m/a 

Unusual  Movement  or'  (' racking  at  or  near 
Toes 

None 

Unusual  Downstream  Seepage 

None 

!  Piping  ox*  liulJu 

1  *  x 

j  N/a 

Found  it  ior>  '-ra  inage  V.'iturv:; 

t 

i 

i  None 

I 

Tains 

1  None 

'  I  n:_ r'uiiit  1 . '  a V  ior .  System 

•  None 

MI  ASK  T 


VI:  I!  A  l .  I  pFCT  1  ;K  LIST 


PROJECT  Mlnnewawa  Dam 
PROJECT  FEATURE  0utlet 


DISCIPLINE 


AREA  EVALUATED 


OUTLET  WORKS  (Pig.  13  thru  15) 
a.  Concrete  and  Structural 

General  Condition 

Condition  of  Joints 

Spalling 

Visible  Reinforcing 
Rusting  or  Staining  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Alignment 

Unusual  Seepage  or  Leaks  in  Gate 
Chamber 

Cracks 


',/iTK  _ 7  June  1978 

■'I A ME  Inspection  Team 


COMMENTS 


Several  large  spalls 
Yes,  upstream  face  of  dam 


Yes,  downstream  face 


N/A  reservoir  down 


Numerous  surface  cracks 


»  • 


•  • 


ft  • 


Rusting  or  Corrosion  of  Steel 
b.  Mechanical  and  Electrical 


Both  exposed  re-steel  &  trash  rack  bars 


I  • 


Air  Venti 


Float  Wells 


Crane  Holst 


Abandoned 


ft  • 


Elevutor 


HydrauJ te  System 


Service  Gates. 


Inoperative 


i  • 


Emergency  (Piles 
lightning  Priitecu  ion  System 


Emergency  i'uwer  System 

W  Lr-lig  and  nlghtir.g  System  in 
((ate  Chamber 


•  • 


•  •  •  • 


None 


PROJECT  Kinnewawa  Ham 


PROJECT  FEATURE  Outlet _ 

I'i.COIFLlNE _ " _ 

AREA  EVALUATED 
OUTLET  STRUCTURE 

General  Condition  of  Concrete  ' 

hast  or  inclining 

Jpal 1 lng 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  a".  Joints 

L'ra in  Holes 

Channe 1 

Eoose  Rock  or  Trees  overhanging 
Chanrie  1 

Condition  of  : isrharge  Channel 


niAr.p  t 


V  L 

GHAT.  INSPECTION  CHECK  i. 

1ST 

PROJECT  Minnewawa  Dam 

i  ATE 

7  June  1978 

PROJECT  PKATr RK  Scillwav 

NAME 

Inspection  Team 

discipline 

NAME 

ARK  A  EVALUATED 


COMMENT! 


3  till  WAY,  APPROACH  AND/OR  OUXUAUCE 
CHANNELS 

a.  Approach  Channel 

General  Condition 
•  Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
0.  Training  Walls 

General  Condition  ol'  Concrete 
Rust  or  Chaining 
Opal  l  i>ig 

Any  Visible  neinl’oi-e  Ing 
Any  Gee  page  or  EIT1  orescenrt- 
Drain  Roles 
c.  discharge  Channel 

General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Kiour  of  channel 


(Pig.  1) 

Some  brush 

None 

None 

Good 

None 

None 

No 

No 

None 

!  (Pig.  2,  17) 
i  Pair 

I 

|  None 

None  loose  (see  photos) 

Rock 


Ot he  r  '  )bs  L  ru  •  t  Inns 


None 
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Ashuelot  Gas  &  Electric  Co.  Owners 

L.  H.  Shattuck  Inc.  Contractors 

Llarlbcro ,  Xi  •  • 

ilinnewawa  Brook 


Started  July  1923»  Completed  December  1923» 

Flans  were  filed  June  19 ,  1923* 

Permission  given  to  go  ahead  with  construction  July  6, 

1923. 

The  excavation  was  started  the  first  part  of  July. 

Ledge  was  found  the  entire  length  of  the  dan.  Pouring  concrete 
was  started  August  13,  1923  and  the  last  nouring  made  Hoveriber  12, 
1923. 

This  is  of  solid  concrete  construction  single  arch  type 
60*  high  and  290’  long.  'Drainage  area  is  22  3q.  miles.  The  water 
is  token  by  penstock  downstream  about  six  thousand  feet  to  the  Power 
House,  which  gives  them  a  head  of  254*  •  The  installation  ox’  this 
.>lc.nt  is  2590  H.P. 


.nfomal  2*373  ?lah  D-49 


W  z  'VHttl  *n.  Fukcmahni  Mint 


F.  A.  SHAW  H  AM.  SOC  C-  Cl 


3  N  STRUCT  IO  N 
i  STRUCT  ION 
’IONS 
iS 


L.  H.  SHATTUCK,  INC. 

ENGINEERS-CONTRACTORS 

208  GRANITE  STREET 
MANCHESTER.  N.  H. 


l£7-c& 


REPORTS  AMft  DESIGN 
watiw  power 

WATER  ElfPPt. Y 
SEWER  AOS 
ERtOOC* 


Mr.  John  W.  Storrs, 

Chairman  and  Engineer, 

Hew  Hampshire  Public  Service  Commission, 
Concord,  New  Hampshire. 


Subject:  Dam  to  erected  at 
Marlboro,  N.  H. ,  for  Ashuelot 
Gas  &  Electric  Company,  Keene,  N.H. 

Dear  Sir:- 

We  are  submitting  plans  end  information  in  re¬ 
gard  to  the  design  of  the  proposed  dam  for  the  Ashuelot  Gas  & 
Electric  Company  at  Marlboro,  New  Hampshire. 

GENERAL  DATA 

The  proposed  dam  will  be  built  on  Minnewawa  Brook  about 
one  and  one-half  miles  above  the  village  of  Marlboro,  N.  H. 

The  watershed  drained  is  22  square  miles.  This  watershed 
while  hilly  contains  several  large  ponds  providing  a  consider¬ 
able  storage  and  tending  to  reduoe  the  size  of  flood  flows. 

The  maximum  recorded  spring  floods  from  this  and  adjoin¬ 
ing  watersheds  yield  not  over  25  cu.  ft.  per  second  per  square 
mile.  In  the  design  of  the  proposed  dam  we  have  anticipated  a 
maximum  flood  of  65  cu.  ft.  per  second  per  square  mile.  The 
design  adopted  would  also  permit  an  unexpected  flood  to  flow 
over  the  entire  length  of  the  dam  without  damage  to  the  con¬ 
struction. 


L.  II.  SHATTUCK,  IJSC. 


JS'f.  oi> 


Mr.  John  W.  Storrs 


5/18/23 


The  capacity  of  the  proposed  pond  is  about  140  acre 


feet  or  600,000  cubic  fe«t. 


D3SIGIT  DATA 

As  shown  by  the  accompanying  plans  the  proposed 
structure  is  a  conorete  arch  dam  of  solid  concrete  masonry. 
The  maximum  height  above  river  bed  would  be  about  55  ft., 
and  above  foundations  probably  60  ft.  The  thickness  at  the 
top  is  four  feet  and  at  the  bottom  eleven  feet. 

The  dam  is  provided  at  its  northern  end  with  a 
spillway  40  ft.  loi-g  and  5  ft.  deep  with  a  short  auxiliary 
spillway  3  ft.  deep.  The  capacity  of  this  spillway  to  the 
top  of  the  arch  portion  of  the  dam  is  about  1700  cu.  ft.  per 


second. 


The  dam  will  have  a  constant  radius  of  85  ft.  to 


the  upstream  face. 

The  concrete  used  will  be  nixed  in  proportion  one 

-f-O  HX* 

part  cement,  two  -»nrtr~wi.»  hn~H>~  part 3  sand,  aefeaa  parts  crushed 
stone  or  gravel  and  possibly  an  addition  of  cobbles  ac  plums, 
if  such  an  addition  1b  found  economical.  To  the  concrete 
7/ill  be  added  eight  parts  of  hydrated  lime  to  one  hundred 
parts  by  weight  of  cement  to  increase  water  tightness. 


w 


Mr.  John  W.  Storrs 


3- 


6/18/23. 


COMPUTATION  FOR  DESIGN 
Constant  Radiua  Pam 


p  r  Unit  stress  in  concrete  per  square  foot.  Taken  as 
40,000#  per  square  foot  or  278#  per  square  inch.. 

q  r  Load  per  square  foot  taken  by  the  aroh  at  any  elevation. 

t  r  Thiokneas  of  the  arch  in  feet  at  any  elevation. 

ru=  Upstream  radius  of  dam  in  feet.  In  this  oase  -  85  ft. 


RESULTS  0?  CALCULATIONS 


Height 

Pressure 

Computed 

Thickness 

Actual  Unit 

h 

q  -  62. 5h 

Thickness 

t 

Used 

Compression 

P 

0 

0 

0 

4 

0+ 

10 

625 

1.53 

4 

13300 

20 

1250 

2.66 

5.5 

19300 

30 

1875 

4.00 

7.0 

22800 

40 

2500 

5.32 

7.5 

28400 

50 

2125 

6.65 

10.0 

26600 

60 

3750 

8.00 

11.0 

29000 

Taking  the  ultimate  strength  of  l-2^—6  concrete  as 
300,000#  par  sq.  ft.  we  have  a  minimum  faotor  of  oafoty  of 
over  10. 

♦Except  from  possible  ice  action. 


L..  fl.  SJUAiKA  U,  1^0.  /vl 

i 

COHSTHUCTION  DATA 

The  site  ia  a  deep  gorge  in  which  the  bed  rock  is  only 
slightly  overlayed  with  soil.  The  rook  is  a  miooa  shist  of 
varying  hardness.  In  most  cases  where  the  ledge  has  been  ex¬ 
posed  the  rock  is  hard,  but  on  the  south  slope  the  dip  of  the 
strata  is  with  the  slope  of  the  hill  and  the  surface  rock  has 
bean  softened  and  loosened  by  frost  and  root  action. 

All  of  the  partially  disintegrated  rock  will  be  removed 
and  a  trench  excavated  in  the  hard  rock.  The  foundation  of 
the  dam  will  he  built  in  this  trench.  Preparation  will  he 
made  to  grout  the  seams  in  the  rocl:  if  they  are  found  to  be 
loose  on  inspection  and  teat  drilling. 

The  horizontal  joints  in  the  dam  will  be  bb  few  as  is 
practical  and  will  be  carefully  cleaned  and  bonded.  Vertical 
expansion  joints  will  be  spaced  on  about  40  ft,  centers,  and 
will  be  made  water  tight  by  the  insertion  of  strips  of  sheet 
lead. 

Plans  The  details  of  the  proposed  dam  are  shown  on  the 
accompanying  plans. 

We  shall  be  glad  to  furnish  the  Commission  with  any 

additional  information  desired,  or  will  accompany  then  when 

inspecting  the  site.  T7e  have  attached  a  list  of  references 

used  in  the  design  of  this  structure,  and  a  diagram  of  the 

maximum  recorded  flood  flow3  on  small  N3W  Hampshire  streams. 

Very  truly  yours, 

L.  H.  SHATTUCK,  IHC. 


L.  H.  SHATTUCK,  INC. 


)Q.c  6 


REFERENCES  USED  IB  DESIGN  AMD  SPECIFICATION  FOR  ARCH  DAM 


1st  &  Principally 

W.  P.  Creager  -  Masonry  Dams,  pages  148-171  - 


2nd 

Lamar  Lyndon  -  Hydro-clectric  Power,  Vol.  I, 

Pages  228-233 


3rd 

Conorete  Engineers  Handbook  by  Hool  &  Johnson,  page  736 


4th  ■: ; 

Daughterty  -  Hydraulics,  page  35 


5th 

American  Society  Civil  Engineers  proceedings  - 
April  1914  and  discussions  - 

The  Huaoal  Dam,  Sanora,  Mexico.  Describes  and 
illustrates  a  typical  thin  arch,  dam,  with  inter¬ 
esting  discussions  of  the  design  of  arch  dams. 


6th 

May  1914  and  discussions  - 

The  Constant  Angle  Arch  Lam  by  Lars  R.  Jorgensen, 
with  discussion  of  the  design  of  arch  dams  in 
general. 


WISH 


r*  u  j 
v 


r.t 
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Mr .  L.  Y/ .  Bigelow. 


Oct.  4,  1923 


DAM  AT  MARLBORO  ,  A9RJEL0T  GAS  &  ELECTRIC  CO. 


The  following  are  the  stations  of  the  expansion  joints 


1*  06.1  Gravity  to  arch 
1+44,3 
U  62.4 

2-f-  20.5 

24  58.6 


The  following  are  the  horozontal  joint  elevations. 

1023.0  Top  of  footing. 

1030.1 

1036.3 

1042.6 
1046.8 
1055.1 

1061.3 

1067.6  . 

1073.0 


The  Btation  of  the  sluice  pipe  is  1+  64.6 


A  a  SHAW,  M.  AM  SoC-  C.  C  .  Chief  En«ikkER 


L.  H.  SHATTCJCK,  INC. 

T«ON 

ON  .  ,  '  ENGINEERS  -CONTRACTORS 

s'* 

208  GRANITE  STREET 

■  r 

MANCHESTER,  N.  H. 


Marlboro,  IJ.H. 

October,  4,  * 

r.  L.  W.  Bigelow, 

/o  Public  Service  Conaiasion, 
oncord.  N .  H. 

Re.,-  Ba.m  at  !/.arlboro  for  Aehuelot  C-as  h  Electric  Co. 
ear  Mr.  Bigelow, - 

In  accordance  with  our  conversation  today 
an  sending  you  a  ske'teh  showing  the  profile  of  the  dam,  and 
ne  concrete  pours  to  date.  This  profile  does  not  include  the 
pillway  as  we  have  taken  no  profile  here  yet.  I  will  show  this 
n  a  future  letter  to  you  after  I  have  this  imf or nation . 

On  another  sheet  enclosed  I  am  giving  the  exact  values 
'f  the  elevations  poured  to  each  time,  also  the  stationing  of 
r.e  expansion  joints.  The  stationing  is  simply  started  by 
.dotting  a  large  enough  value  for  the  station  of  the  sluice 
>ipe  to  give  us  a  positive  value  for  all  points  on  the  dam.  It 
.s  not  started  at  any  particular  point.  The  profile  is  run  on 
line  four  feet  back  from  the  upstreaa  side  of  the  dam.  The 
>rofile  is  drawn  looking  upstream. 

Any  other  data  which  I  can  give  you,  I  shall  be  pleased  to 
.o  so  at  your  request. 


Very  truly  yours. 


D.  WO*THCN 
TORRS 

COMMtUIONIM 


OF 


NEW  HAMPSHIRE 


MISS  MAHY  A.  NAWN  -- 

Assistant  clkr<  ® 


CONCORD 


a  r> 

A 

s-  i 


September  19,  1923. 


s  s 


Public  Service  Commission, 
Concord,  jfew  Kamp shire. 

Dear  Sirs: 

Herewith  I  BV.bmJ 
of  the  dam  at  Karlboro  foi 


my  report  on  the  inspection 
he  Keene  Gas  &  Electric  Company, 


The  opening  which  was  left  for  flow,  as  by  my 
report  of  September  7  has  been  closed.  The  flow  is  being 
discharged  now  through  the  sluice  gate.  At  the  time  I 
was  there  it  was  'running  about  one-third  full. 

The  south  half  of  the  dan  has  been  poured  up 
to  elevation  1036,  The  north  half  would  be  up  to  elevation 
1042  last  night  as  they  were  pouring  the  section  nearest 
the  bank  while  I  was  there.  They  expect,  this  week,  to  have 
the  concrete  up  to  elevation  1042  the  entire  length  of  the 
dan. 

The  power  house  is  poured  up  to  the  roof  and  they 
expect  to  have  it  roofed  in  the  latter  part  of  next  week. 

The  work  at  the  dan  is  being  carried  on  in  a 
very  eatiofactory  manner,  all  joints,  both  horizontal  and 
vertical,  being  kept  free  fron  chips  and  other  dirt. 

Respectfully  submitted. 


Engineer, 


•  • 


•  • 


t  • 


•  • 


•  • 


•  • 


•  -  ’  « '*-V“ ^  1— ■ L, 


TESTING  LABORATORY 


RETORT  ON  SAMPLE  OF  PORTLAND  CEMENT 


s/ic 


wS5.. 

1925.. 


Report 

tory  No.  .  36*70 .  Exam. 

.  Portljmd  . / . Towu  . 

Ication  Miriu  ..... .'/v. . . . .  . 

MMMC  #».. .  *?m ‘ .  f**?. . 

sd  O'.. ...iO\ ... i~.. . . . . . .  19 . Received  . S/l£ . ,  19.  £5.. 

l  {roia  ...... 

t y  represented  ...  U„ . . .  .O . . . . . . . . . . . 


of  Material  ... . 

r  ....  .  •••  ■>, 

m-ased  or  to  be  used  0,1'. ’. 


oed  for  . 


.  -V 


TEST  RESULTS 

Chemical  Tests 


Requirement*:  American  Society  for 
Testing  Materials  end  New  Hampshire 
Highway  Department. 

Per  cent. 


n  ignition,  per  cent.. 


. not  over . 4.00 

ble  residue,  per  eent.1.... . not  over . 0.85 

iric  Anhydride  (b03  ),  per  cent . not  over . 2.00 

sis  (MgO),  per  cent.... . not  over . 5.00 

Physical  Tests 

a* 

c  Gravity . . . not  less  than . 3.10 

nt.  retained  on  200  mesh  sieve. . . .  .05.7 .  . not  over . 22.00 

w»t .  . ,.JWU.: .  . No  distortion,  cracking,  checking  or  disintegration 

*■"  .  •  Gillmore  Needle 

‘ '  ♦  'tonga  eo  Sitmtas  •’  ,  „„ 

•act _ _  _  r7r.Tr...  .t7.  .T.T. . .  tt.t . . not  less  than  60  minutes 


.hwrn . .  .5. 

w 

i 


.not  over  10  hours 


-■  ■  ‘ 


Tensile  Strength 


ti-’;  /-O.  •! OO  •  .r-  ■  11 
jj£C. .:  ;•  (1;3  Ottawa  Sand.) 

days. 


55.-- 

-  *  • 

r«rV.*>  •  .WL'...  . ?:.'d£V. 

ttr.m 

-v|'«  ;  .  'r  })‘  ’’  V'  .. 

Aa»tD  req,ulr«a9Txta  T  ft  £3  day  tapts 

,  Uespectrully  su omitted,  „  ■■  q 


28  days. 


.  ..965. 

jjf 1 

.  .  •  4  •  4  « 

.  ■  ,.4M. 

. 200  pounds  Average:  .400. 


.800  pounds 


-  i-.r  ■ .  -  •. 

'  .e-:-.'  - - 


«**>  /O' 

7~'  /nf 


Chemist  and  Testing  Engineer.  * 


i, 


HIGHWAY  DEPARTMENT 
TESTING  LABORATORY 

REPORT  ON  SAMPLE  OF  GRAVEL,  SAND  OR  BITUMINOUS  CONCRETE 


I  Report  . */» .  «(». 

.boratory  No.  .3986 .  Esam . .S/39. .  liSS 

iine  . .  X Q .  f.pr.  . Town  . £ ftPUO . 


eatification  Harks . . . . . .  . . 

>  icttuot  Co«-lCaono  Gsa  &  J?l®ctric  Co*-btor*0“Blgolo^ 

knitted  by  . Title  .  Address  . 

jnpled  . . . .  . 8/17 . 19..%  •  Received  ..8/18 . 19% 

,  .  Car  txxm  Canon* a  Pit-E.waaro,  ILK* 

U»aple  from . . 

asatity  represented  . . . 

ce  of  Material  . . 

nation  used  or  to  be  used  . . 
ined  for . 


.JLmm*.  Jtea. 


TEST  RESULTS 


PUBLIC  SERVICE  COMMISSION 


/0/. 


T.  SUNNItON.  CHAIRMAN 
w  P.  WOUTHtN 

rro**s 

CowMiftioHtn 


OF 

NEW  HAMPSHIRE 


WALTER  H.  TIMM.  CLERK 
MISS  MARY  A.  NAWN 

Assistant  Clerk 


CONCORD 

September  7,  1923 . 


j  /  Public  Service  Commission, 

y  Concord,  Hew  Hampshire, 

/ Z'  Dear  Sirs: 

1  herewith  submit  a  report  on  the  inspection 
of  the  dam  at  Marlboro  for  the  Keene  Gas  &  Electric 
Company  yesterday. 


The  concrete  is  poured  up  to  elevation  1030, 
the  full  length,  with  the  exception  of  an  opening  about 
eight  feet  in  width  which  was  ieft  for  the  flow  of  water. 

On  the  south  end  of  the  dam  they  were  obliged 
to  go  down  about  15*  from  approximately  elevation  1020 
to  find  a  solid  foundation  owing  to  seams.  Good  solid 
rock  was  found  at  about  elevation  1010  but  they  went 
about  five  feet  iu  good  solid  rock.  This  pocket  was 
only  about  10 1  in  length. 


The  cut-off  on  both  banks  has  been  carried  down 
to  good  hard  rock.  In  carrying  the  dam  up, the  cut-off 
will  be  filled  solid  with  concrete  on  the  upstream  side 
as,  of  course,  the  line  of  ledge  excavation  is  rather 
irregular. 


The  sluice  gate  was  put  in  position  yesterday 
and  they  expect  to  fill  in  the  opening  on  Saturday  and 
Sunday  and  send  the  water  down  through  the  sluice  gate. 

Construction  Beems  to  be  carried  on  in  a  very 
workmanlike  manner.  The  Joints  are  kept  free  from 
dirt  and  debris. 

They  are  using  sectional  forms  which  are  very 
rigid  and  are  handled  by  an  overhead  cableway.  The 
forms  are,  also,  kept  clean  and  in  good  shape. 

With  ordinary  working  conditions  they  expect 
to  finiBh  the  dam  about  the  first  or  second  week 
in  October. 


Respectfully  submitted, 
J/  Engineer. 


UA1A  un  UAivia  i  IN  iNC-w  nAmr  jnuvc. 


LOCATION  STATE  NO . 152..Q© . 

Town  . .^-JClhaxc . :  County  . Gheshi Xxi . . 

Stream  . L_Lnnci«a.v7&. . . Brack. . ' 

Basin-Primary  C.Qanaat.iX3Ui..il . :  Secondary  . . A-shttd-lo$--R- . ■ 

Local  Name  . . . - . 

Coordinates — Lat . .42.‘..L5.,.....4:...5£3.! . :  Long.  .2.2...  10.'. ..+....3550.! . — 1 

GENERAL  DATA  _  _  . 

Drainage  area:  Controlled . 25 . Sq.  Mi.:  Uncontrolled  .  Sq.  Mi.:  Total . r...;. . Sq.  Mi.' 

Overall  length  of  dam . 25Q—ft. :  Date  of  Construction  . . 

Height:  Stream  bed  to  highest  elev . oQ— . ft.:  Max.  Structure  . 55— . .  ft. 

Cost — Dam  . :  Reservoir  . . 


DESCRIPTION 
Waste  Gates 

Type 

Number  .... 


Arch -  Concrete  on  Ledge 


. :  Size  .  ft.  high  x 


ft.  wid< 


Elevation  Invert . :  Total  Area 


..sq.  ft 


Iloist 


Waste  Gates  Conduit 

Number  . :  Materials 


Size . ft.:  Length . ft.:  Area . sq.  ft- 

Embankment 

Type  . . 

Height— Max .  ft.:  Min .  ft 

Top — Width  . :  Elev .  f< 

Slopes — Upstream  .  on . :  Downstream  .  on . 

Length — Right  of  Spillway  . :  Left  of  Spillway  . 

Spillway 

Materials  of  Construction  . .•* 

Length — Total  . li..uay;3 14..,.....each . ft.:  Net  . 42....' .  f. 

Height  of  permanent  section — Max . ft.:  Min . . . f- 

Flashboards — Type  . :  Height . 2 . f 

Elevation — Permanent  Crest  ..10.72.*22£i . :  Top  of  Flashboard  . . 


..ft.:  Net 


Flood  Capacity  . 17.7.5.. 


cfs.: . . cfs/sq.  mi. 


Abutments 

Materials : 


Freeboard:  Max . 5 .  ft.:  Min .  f 

Headworks  to  Power  Devel. —  (See  “Data  on  Power  Development’') 

OWNER  . 


REMARKS 


nonstock —  4*  in  diac.atcr 


Tabulation  By  . A...av...ii.. 


•January  50,  1939 


DATA  ON  RESERVOIRS  &  PONDS  IN  NEW  HAMPSHIRE 


LOCATION 

Tov'n  ...ilasl'oyoro . . :  County 


AT  DAM  NO.  ...UJUC.a 

.CiieAhixfi. . 


Stream . i  .  3r-o  o*. . 


Basin — Primary  . Can;*dC.tiCU4 . ;  Secondary  . Asku&lO-fc.. 


Local  Name 


DRAINAGE  AREA 

Controlled  . 35.....  Sq.  Mi.:  Uncontrolled 


Sq.  Mi. :  Total  . Sq. 


ELEVATION  vs.  WATER  SURFACE  AREA  vs.  VOLUME 


(1)  Max.  Flood  Height 

(2)  Top  of  Flashboards 

(3)  Permanent  Crest 

(4)  Normal  Drawdown 

(5)  Max.  Drawdown 

(6)  Original  Pond 


Surface 

Area 

Acres 


Volume 
Acre  Ft 


Base  Used  . :  Coef.  to  change  to  U.S.G.S.  Base 


RESERVOIR  CAPACITY 


Total  Volume 


Useable  Volume 


Drawdown 


Volume 


.ac.  ft. 


Acre  ft.  per  sq.  mi. 
Inches  per  sq.  mi. 


USE  OF  WATER . V.USii.?....U -AljsJsZ 


OWNER 


PloU-c  service  Co  of  I! 


REMARKS 


Tabulation  By 


Date 


Jo.:iuary„.30 


9 


AT  DAM  NO . iilUOfi. 

-Caeeh-ixe- . 


U  CATION 

Town  . llw.r-Lb.Qro . :  County  . 

'Cream  . lliojiewawa. . 

Basin-Primary  . Coonocl.icut . :  Secondary  ....Asixu«l©t . 

Jr  >  cal  Name  . 

C*NERAL  DATA 

Head-Max . G£S .  ft.:  Min .  ft.:  Ave .  ft. 

-Date  of  Construction  . :  Use  of  Power  Bubi-Lc.-Ufal!  ity  .  . 

Pondage  .  ac.  ft.:  Storage  .  ac.  ft. 

DESCRIPTION 

Rack* 

Size  of  Rack  Opening . 

Size  of  Bar  . . :  Material  . 

■■  Area:  Gross . Sq.  Ft.:  Net  . . .  aq.  ft. 

Head  Cates 

Type  . 

Number  . :  Size . ft.  high  x . ft.  wide 

Elevation  of  Invert . :  Total  Area . aq.  ft. 

f  Hoist  . 

Penstock 

‘  Number  . 1 . :  Material  . .YfocicL . 

S.ze . A.l.-fliaiaatag . :  Length  . 3Q.Q* . . . 

U’iurL.ine3 

Number  . ...2. .  :  Makers  ...JS..i4QXgQJk.S3it2i..hGriQ.ailt^l. . 

Rating  HP.  per  unit . 1250 . :  Total  Capacity . £5Q£l 

Max.  Dement  C.F.S.,  per  unit . :  Total  . 

Drive 

■  Type  . . . 

■  Generator 

Number . 2 . ...., 

Make . S..2. . 

Rating  KW.,  per  unit . 8QQ . ;  Total  Capacity . 15QG 

Exciter 

Number  ... . :  Make . . . 

Rating-per  unit  . :  Total  Capacity . K.  W. 

UTPUT — KYVHRS 


HP. 

cfs. 


/ 


K.  W. 


i 

19.... 
19.... 
19.... 
1 9.... 
!  19..., 

OWNER 


19. 

19. 

19. 

19. 

19. 


Tabulation  Bv 


••/»*•***•»*• 


. 


Date 


/a 4 


/at#.  .0 


'3  73/ 


/S/rj'-r 


/  03.33 


/a  3.  az 


/a3a.  a 

3.3 

2  0  7/0 

/*?3.&  z 

|  //•*/.  a 

y.  yjr 

23332. 

/t3.  £<? 

j 

\/J  3*J.  .. 

3.2/ 

23923 

/3  a.  ao 

^  ^  J"Vi  .^r*  <yr7#  . 


'S'  ~  £  2 

■  ccr'e/ 'sP***  7~ 

/*7>,'  S  .'  *t  <Ojsjn 


/]// ///<?/*?  J  /^ass 


-  -»sr<  jj  .ajjjfi* 


f*&  =  e  <:.<rx  d?ss  ra 

ji  '*'*7 

;'^  i"2'7^/V - 


7  •?/.  7-? 


cTjy 

ass 

— um. 

3  3°  3 
- ■  ^ 

. . $-0-UL _ 

2  7  O  3  6 
Z3S  3  * 


l;  ^5  *  '•  2  -  '£j?L  ^  3 
ji  T7J7 

\<S  -  a  S3  2  9 


•s  -°0 


/a.  z  7 

3.  3  7 

7.  iSS 
- ••  sp-  — 

- 7 . —zrrzzzzi 

'&■  z  7) <2 &  JS  £ 

/  S  - 

7S  /  c 

_ ZJ..JL?.... _ 

^74 

//  ^ 
_ /o  27 
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INSPECTOR’S  REPORT 


Nov enter 6  jg  23 


HP  .  T'’ 

g  StAjcd : . X>aia  ,Jia  r  lb  or  o  j  Ashue  1  pt  light  &  tower  Co. 


•  # 


Iexewitji_l_J3Ubmi.t_my_j:.e portion. the.. ine pec ti  on  of.,  tne 


-  dam.at.;MarlbQ r o_f or  Th e_  A  B.hue  1  o  t  .Light__&_  lower,  Gompay.  on  Nov. 


_ _ lh.e_Bb.u.tmen,t_B<l^t  1  o_n_o  CJth  e._dam_  h.a s . been  completed  from 

jr** 

station  1  +  00  to  aDout  station  2  +  63. From  2  *  63  to  the 


~'K  'eout‘*3‘  end  the  co ncrete  hag  been  po ured  t o_ Elv.  261.0 ,  and  this 

should  be  completed  by  the  end  of  this  week. 

f  •  5; , 

-r  On  the  splllwiy  excavation  they  run  into  pocket  and 

>vj£,V| "  ~ . 


■A-m. 


e_^SEage_was_tn crjeAsed^pu i. t e  a  lot  from  the  prig  nal_est- 


r  *L_iaateLj3ut_thlJB_JaaB_been_coiDpleted  and  they  will  start  pom  ring 

. 

concrete  this  week 


-"•±1: _ The  power  house  is  completed  with  the  exception  of  the 

■,y  vdoorB  and  windows. _ _ _ 


About  two  thousand  feet  of  the  penstock  line  1b  in  _ 

moat . of . which -la  on  .the,  pow.e rJhoue.e . en d ..Ihey_ have_no w 


"SLzjja carted  in  and  are  laving  from  the  dam  aa  wel x . 


leepefLtf  ully  _  submit  ted , 


•1’'-Vbpv3ir — 
M'OC*-  ■ 


- Engineer, _ 

Attatched  1 s  progreee  chart  to  Kov.5 th 


•  • 


•  • 


•  • 
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^^^^am^MarlMroiAfrhuelot .gas, &  Electric  Co , 


Marlboro 
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Inspected.  June  19,  1930. 


Public  Service  Company  of  N.  H. 

Minnewawa  Dam. 

Concrete  arch  dam.  The  spillway  ha3  splashboards 
at  present.  Considerable  brush  and  timber  collected  at 
spillv/ay.  The  downstream  face  of  the  dam  shows  evidence 
of  3rcall  seepage,  md  several  panels  have  surface  filling 
similar  to  that  shown  at  intalce.  The  bed  of  tne  stream 
below  the  dam  wa3  fairly  dry.  There  is  one  stone  arch 
small  dam  above  the  power  station  and  two  small  timber  dams 
in  ruins.  These  are  all  former  dams  owned  by  the  Keene  Gas 
and  Slectric  Company  in  Marlboro.  The  small  stone  arch 
dan  is  in  good  shape. 


DIYI-16 

DIVI-17 

DIVI-16 


August  27,  1976 
Dam  #151.06 

On  August  3rd  I  inspected  the  dam  on  the  Minnewawa  Brook. 

This  dam  has  no  structural  changes  since  the  last  inspection 
(November  1974) . 

There  are  seme  rebars  showing  on  the  upstream  face. 

This  dam  should  be  inspected  in  two  years. 

SCBurritt 


PHOTOGRAPHS 


Fig. 

1 

Facing  Upstream  from  Dam 

Fig. 

2 

Facing  Downstream  from  Dam 

Fig. 

3 

Right  Abutment  (downstream  face) 

Fig- 

4 

Left  Abutment  (downstream  face) 

Fig. 

5 

Downstream  Face  (Note  surface 
cracks  and  efflorescence) 

Fig. 

6 

Downstream  Face 

Fig. 

7 

Walkway  at  Top  of  Dam  El.  1073 

Fig. 

8 

Upstream  Face 

Fig. 

9 

Intake  Structure  for  Penstock, 

trash  racks  (Note  excessive  buildup 
of  debris) 

Fig. 

10 

Detailed  View  of  Condition  of 
concrete  on  upstream  face 

Fig. 

11 

Gate  -  Operating  Machinery  at  Inlet  to 
Penstock  and  Cabinet  for  water  level 
Indicator 

Fig. 

12 

Work  platform  at  inlet  structure 

Fig. 

13 

Outlet  -  24"  dia.  Sluice  &  48"  dia. 
Penstock 

Fig. 

14 

Outlet  -  48"  dia.  Penstock 

Fig. 

IS 

Outlet  -  24"  dia.  Sluice  and  Gate  Valve 

Fig. 

16 

Upstream  View  of  Spillway 

Fig. 

17 

Spillway  Outlet  Channel  thru  V-Notch 
in  ledge 

Fig. 

18 

Facing  Upstream  from  Dam 

Fig. 

19 

Upstream  Face  of  Arch  (Note  exposed 
reinforcing  steel) 

Fig. 

20 

Inlet  Structure 

Fig. 21 


Detail  of  Exposed  Reinforcing  Steel  and 
Spalled  Concrete  Surfaces 


Gate-Operating  Machinery 
Detail  of  Inlet  Structure  Wall 
Trash  Rack 

Detail  of  Exposed  Steel  and  Debris 
at  Inlet 
Spillway 

Upstream  Intake  for  24"  Dia.  Sluice 
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FIG.  21  Detail  of  Exposed  Reinforcing  Steel  and 
Spalled  Concrete  Surfaces 


PIG.  18  Pacing  Upstream  from  Dam 


FIG.  19  Upstream  Pace  of  Arch  (Note  Exposed 
reinforcing  steel) 


FIG.  9  Intake  Structure  for  Penstock,  FIG.  10  Detailed  View  of  Condition 

trash  racks  (Note  excessive  buildup  of  concrete  on  upstream  face 

of  debris) 


FIG.  7  Walkway  At  Top  of  Dam  El.  1073 
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"rule  of  thumb11  Guidance  for  estimating 

DOWNSTREAM  DAM  FAILURE  HYDROGRAPHS 


STEP 

STEP 


STEP 

STEP 


STEP 


•  • 


•  • 


I  5  DETERMINE  UR  f  ST  I  MAT  C  PTSFRVOTR  STORAGE  (S)  IN  AC-FT  AT  TIME  OF  FAILURE. 
>,  OF  IF  RMI NF  PEAK  FAILURF  Oi|Tn  OW  (0pi). 

QP,  =  2^  WbVg-  Y0  \ 

PREACH  WIDTH  -  SUGGEST  VALUE  NOT  GREATER  THAN  40%  OF  DAM 
I FNGTH  ACROSS  RIVER  AT  MID  HEIGHT. 


Y0  =  TOTAL  HEIGHT  FROM  RIVER  RFD  TO  POOL  LEVEL  AT  FAILURE. 

;  USING  MSGS  TOPO  OR  OTHfR  DATA,  DEVELOP  REPRESENTATIVE  STAGF -DISCHARGE 
RATING  FOR  SF.LFCTFD  DOWNSTREAM  RIVER  REACH. 


) : 


ESTIMATE  REACH  OUTFLOW  (Qp?)  USING  FOLLOWING  ITERATION. 

A.  APTLY  0pl  TO  STAGF  RATING,  Ilf TFRMINF  STAGE  AND  ACCOPMANYING 
V01UMF  ( V-, )  IN  REACH  IN  AC-FT.  (N"  Tf  :  IF  V1  EXCEEDS  1/2  OF  S, 
SE1TCT  SHORTER  REACH.) 
n.  OFT ERM! NF  TRIAL  0  , 

fV 

Or2  (TRIAL  I  =  Op,  !  I  -  I1  ) 

C  (  OMpllTf  V,  USING  0  _  (TP]  Al  )  . 

[)? 

i).  AVFRAOF  V,  AMP  V0  AND  COMPilTf  Q  0. 

i  <  p  r 

Oc?  -  Op,  (  <  -  Y*  ) 

fur-  si’f  Cf  Rf  t  i"  HI  '■  I  PI  AT  ' ,  1 !  T ' .  /•■('  4. 

APR!!.  1  Q  7R 
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APPENDIX  E 

INFORMATION  AS  CONTAINED  IN 
THE  NATIONAL  INVENTORY  OF  DAMS 
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